Rubratoxin B can be produced in a semisynthetic medium by Penicillium rubrum under varying environmental and nutritional conditions. Maximum production (552.0 mg/500 ml) was obtained with P. rubrum NRRL A-11785 grown in stationary cultures of Mosseray's simplified Raulin solution supplemented with 2.5% malt extract broth at ambient temperature. Zinc is required at levels of at least 0.4 mg per liter. In the absence of iron sulfate, there was a 50-fold reduction in rubratoxin B production but not in growth. No toxin was produced by this isolate in 5-or 7-liter fermentors.
Research on the mycotoxins has been extensively reviewed since the initial report in 1960 of "Turkey X" disease being caused by a toxin produced by Aspergillusflavus growing on peanuts (4, 18) . However, few reports dealing with mycotoxins other than the aflatoxins have been published. The number of confirmed mycotoxicoses for which the responsible fungus has been identified and its toxin characterized is increasing. This paper deals with rubratoxin B, one of the toxic mold metabolites which has not received widespread publication.
The rubratoxins are secondary metabolites produced by Penicillium rubrum Stoll and P. purpurogenum Stoll and have been associated with toxicoses caused by moldy animal feeds (13, 15 Table 2 indicates the effect of malt extract broth in the basal medium (50 g of sucrose/liter) on the production of rubratoxin B by P. rubrum. Relatively large quantities of rubratoxin were produced at all levels investigated with peak production occurring at 30 g per liter of malt extract broth. The production of the toxin was greatly reduced in the absence of malt extract broth.
Because a number of mineral elements have been implicated as being involved in production of other mycotoxins, the effects of trace metals on rubratoxin B production were investigated (Table  3 ). Since deletion of iron almost eliminated rubratoxin production, it appears that iron is needed for rubratoxin biosynthesis. The reduced yields of rubratoxin B obtained without iron were not due to an apparent reduction of growth. Zinc appears to be specifically required for production of the toxin, and this requirement is met by the addition of a minimum of 0.4 mg of zinc to the medium (Table 4) . However, maximum yields of rubratoxin B were produced when 400 mg of ZnSO4 was added to the medium. Table 5 shows the effect of temperature on production of rubratoxin B. Toxin was detected at None detecteda aAfter 20 days placed at ambient temperature (22 to 25 C) for 14 days. Growth and toxin production in both cases: 5 C, 20 mg/500 ml; 45 C, 83.4 mg/500 ml. 20, 22, and 30 C; however, none was detected when the organism was grown at 5, 37, and 45 C. When these cultures were placed in ambient temperature (22 to 25 C) for 14 days, growth and toxin production were observed (20 mg/500 ml, 5 C; 83.4 mg/500 ml, 45 C).
The initial pH of the medium (Table 6 ) did not significantly affect either toxin production or growth as long as it was in the range of pH 4.0 to 8.0. If cultures were grown below and above this range, there was a partial or complete reduction in toxin production.
Several experiments were carried out in 5-and 7-liter fermentors. As previously reported for shaken cultures and for 14-liter fermentors (5), no toxin was obtained in either fermentor under the various regimens of aeration and agitation employed in this investigation.
Higher yields of rubratoxin production were noted when P. rubrum was grown in total darkness than in light (184.8 and 147.0 mg, respectively, per 500 ml in 14 days), whereas the mycelial weights were the same (6.9 and 7.0 g, respectively). Table 7 lists yields of mycelium and rubratoxin B produced by five isolates of P. rubrum. DISCUSSION A medium composed of sucrose (25 g/liter), malt extract broth (20 g/liter), ZnSO4 (0.5 g/liter) and FeSO4 (0.5 g/liter) provided all the necessary ingredients for the production of rubratoxin B by P. rubrum P-13. Other chemical, cultural, and environmental conditions investigated had less effect on toxin production.
The requirement for zinc may explain the difficulty of obtaining rubratoxin production on unsupplemented media such as Czapek-Dox medium. This requirement for zinc may be a factor in the apparent loss of toxin-producing ability of the fungus when maintained for prolonged periods on Czapek Agar or on Czapek-Dox Agar (5). The reports of Natori et al. (11) on the production of rubratoxin B by P. purpurogenum in a Czapek-Dox medium modified with ZnSO4 (0.01 g/liter) and by Wogan and Mateles (17) on submerged culture production by P. rubrum confirm this nutritional observation. The large reduction in toxin but not in fungal growth when iron sulfate was deleted from the medium also may help explain the loss of toxin biosynthesis by isolates maintained on artificial media. The Czapek-Dox medium used for production of rubratoxin B by P. purpurogenum (11) and the submerged culture medium (17) both contained FeSO4. At present, however, there is insufficient evidence to speculate whether a lack of zinc or APPL. MICROBIOL.
iron is selecting for nonrubratoxin-producing mutants.
During the past several years, fungi capable of producing aflatoxin, ochratoxin, and other mycotoxins have been isolated from a number of foodstuffs in this as well as other countries. These findings, along with the recent Japanese report of rubratoxin B production by P. purpurogenum (11) , further indicate the importance of the mycotoxin problem throughout the world in food hygiene and in stored agricultural commodities. Such facts indicate a pressing need for screening of molds for detection of mycotoxins other than those commonly screened for at the present (i.e., aflatoxin and ochratoxin).
